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Abstract 
A high voltage pulsed power supply is proposed in this paper 
based on oscillation between an inductor and a capacitor in an 
LC circuit. A two-leg resonant circuit, supplied through an 
inverter with an alternative voltage waveform, can generate 
output voltage up to four times an input voltage magnitude. 
Bipolar and unipolar modulations are used in a single phase 
inverter to analyse their effects on the proposed resonant 
converter. Simulations have been carried out to evaluate the 
proposed topology and control. 
1 Introduction 
Resonant converters have recently attracted attentions 
amongst power electronics specialists due to the benefits they 
bring for power circuits in terms of switching [1] and 
commutation [2]. The zero crossing of currents which occurs 
due to the resonance between inductive and capacitive 
components of the circuit significantly decreases the power 
loss of switching action [3]. The power exchange between 
these components is the other advantage of resonant circuits 
which can be beneficial for high voltage generation [4, 5]. 
The initial idea of these converters is based on the resonance 
and power exchange of inductive and capacitive elements of 
the circuit. The inductor current and capacitor voltage 
waveforms of a typical resonant converter shown in Fig. 1(a) 
are displayed in Fig. 1(c). In an LC circuit, there is an 
oscillation between the inductor and the capacitor which 
causes the voltage and current of the components to be 
changed sinusoidally. As can be seen in Fig.1 (c), the voltage 
across the capacitor and the current through the inductor 
oscillate in the same period in which the resonant frequency 
of L and C can be calculated as follows: 
    √·
   (1) 
In the first quarter of the resonant cycle, the flowing current 
through the circuit will charge both the inductor and capacitor 
while in the second quarter, the summation of the input and 
capacitor voltages corresponds with a negative voltage which 
appears across the inductor and discharges it. The falling 
inductor current still charges the capacitor until the inductor 
current reaches zero. In this instant, the capacitor voltage 
would be almost twice the input voltage level. In the third 
quarter, the reverse current will discharge the capacitor’s 
voltage and this trend will continue during the fourth quarter. 
 
 
Figure 1: (a) Resonant circuit, (b) Half resonant circuit, (c) Capacitor 
voltage and Inductor current of a typical resonant circuit. (d) 
Capacitor voltage and Inductor current of a typical half resonant 
circuit 
The concept of generating high voltage through resonant 
converters comes from this procedure with a few 
modifications. Diodes with reverse current blocking 
capability can stop circuit operation when the current crosses 
zero at the end of second quarter, and keep the capacitor 
voltage fully charged. The circuit and the results are shown in 
Fig. 1(b) and 2(d) respectively. For the next resonant cycle, 
the capacitor should be discharged. Therefore, this topology is 
not suitable for continuous power supply while it can be 
utilised for pulsed power applications. This pulsed power 
supply is an appropriate candidate for the loads demanding 
either low energy with high repetition rate or high energy 
with low repetition rate. 
2 Bidirectional resonant converter: topology 
and operation  
According to Fig.1 (d), instead of discharging the capacitor in 
the next half cycle, there is a possibility of using this period 
for charging another capacitor and utilising the summation of 
voltages across both capacitors. To satisfy this goal, the 
circuit needs to be fed by an inverter providing alternative 
voltages for it. According to this concept, a two-leg resonant 
converter demonstrated in Fig. 3 is presented to benefit the  
 Figure 2: A block diagram of the proposed resonant converter 
advantage of charging two capacitors, each in a half cycle of 
the input voltage. In this configuration, there are two diode-
capacitor legs connected in parallel in which the diodes are in 
opposite directions and supplied by an inverter through an 
inductor. Regarding this, a block diagram of the desired 
configuration is depicted in Fig. 2 which includes a diode 
rectifier, providing DC voltage for the configuration, and a 
Power Factor Corrector (PFC) boost converter both 
increasing the DC voltage and mitigating the destruction 
components of the input current, which is injected in to the 
network as well as the proposed resonant converter. 
 
Figure 3: Bidirectional resonant circuit 
As we know, an inverter converts a DC voltage to an 
alternative voltage with adjustable frequency and magnitude. 
The inverter includes a number of transistors with/without 
anti-parallel diodes as switches. The control signals sent to 
the gates of the switches open and close the switches in order 
to track and generate a reference waveform in the output of 
the inverter. In a single phase inverter, there are two legs 
including two switches which can be controlled based on 
bipolar or unipolar modulations. The bipolar and unipolar 
methods are two possible modulation methods which generate 
different voltage shapes in the inverter output. As seen in Fig. 
4, the inverter controlled under the bipolar method can 
provide the load with voltage levels of +Vdc & -Vdc while in 
the unipolar method, zero voltage level can be achieved in 
addition to those two former levels. Ts and fs (Ts=1/fS) are 
switching cycle and switching frequency, respectively.  
 
Figure 4: Output voltage waveforms with bipolar and unipolar 
modulations. 
3 Bipolar control method  
First we consider bipolar modulation in an inverter which 
results in only +Vdc and -Vdc. This configuration can operate 
in two different modes. In the first mode, which is the first 
half cycle, S2 and S3 conduct and a positive voltage is applied 
to the resonant converter. In this mode, which is demonstrated 
in Fig. 5(a), there is a positive polarity of voltage across D1 
which forces it to conduct and charge C1. The capacitor 
voltage and the inductor current during the first half cycle, 
when   , can be achieved as follows: 
  
  1  cos √·
  (2) 
     · 
 · sin √·
  (3) 
At that moment at which the inductor current crosses zero 
point, D1 disconnects this circuit’s loop and C1 is charged 
twice as the input voltage. In the second half a cycle when S2 
and S3 are switched off and S1 and S4 are switched on, a 
negative voltage will be applied to the resonant circuit. In this 
mode the current flows through the second leg since there is 
positive voltage polarity across D2. Again, while the capacitor 
C2 and the inductor get fully charged and discharged 
respectively - the time that current crosses zero point - D2 
stops the circuit operation. This mode is also indicated in Fig. 
5(b). The voltage at the output of this resonant converter 
would be four times the input voltage level which shows the 
benefits of the bidirectional resonance in a two-leg circuit. 
 
 
Figure 5: Operation modes of the resonant converter supplied with 
an inverter controlled with bipolar method. 
Supplying a double-leg resonant circuit with an inverter 
controlled with bipolar method has four scenarios which are 
discussed below, and the figures are exhibited in Fig. 6. 
These scenarios include: 
fr>fS , fr=fS , fr<fS , fr<0.5fS conditions, 
While fS represents the inverter switching frequency and fr is 
the resonant frequency of L & C. 
To get the maximum output voltage which is four times the 
input voltage, the resonant frequency of L & Ci should be 
necessarily more than or at least equal to the inverter’s 
switching frequency, otherwise the input pulse width would 
not be long enough to let the converter components resonant 
thoroughly. The results shown in Fig. 6(a) and (b) are 
achieved in the conditions which both satisfy sufficient time 
for an entire resonance. On the other hand, while the 
inverter’s switching frequency is more than the resonance 
frequency of the circuit, the resonance will not occur 
thoroughly since there is insufficient voltage to charge the 
capacitors to the ultimate level of voltage. This is how we can 
adjust the output voltage level up to four times the input level. 
The results shown in Fig. 6(c) and (d) are obtained under this 
situation and confirm the above statements. The proportion of 
the stored energy in the inductor, which can be delivered to 
the capacitor and charge it to an appropriate voltage level, is 
highly based on the frequency and pulse width of the input 
voltage. In a specific situation, if the input pulse width is not 
long enough to raise the capacitor voltage to the input voltage 
level -because of the voltage difference between the input and 
the capacitor voltage levels across the inductor - low current 
flows (resonates) in the next cycles until the capacitor voltage 
reaches the input voltage level. Fig. 6(d) truly presents this 
situation. As seen in Fig. 6(c), if the input voltage lasts 
longer, the capacitor will be charged once and its voltage may 
become more than the input voltage level and less than twice 
the input voltage level. 
As indicated in Fig. 6(c) and (d), while the inverter changes 
the polarity of its output voltage, there are still currents stored 
in the inductor which take a while to be discharged. So, the 
diode used to conduct during this half cycle still conducts for 
an adequate period of time after the inverter’s switching in 
order to deplete the inductor current, and this time should be 
dedicated to the system from the next half cycle. According to 
this behaviour, there are unequal supplying cycles for each 
leg and capacitors are variably charged. 
If the switching frequency is presumed , which means the 
inverter switches at t1, the voltage and current of the resonant 
circuit at t1 can be assumed as the initial condition for the 
following operation of the resonant circuit: 

  1  cos √·
       (4) 
   · 
 · sin √·
       (5) 
The circuit behaves for the rest of the time until the inductor 
get fully discharged, and this leg is disconnected can be found 
as follows: (     during this period) 

     · cos √·
   · 
 · sin √·
  (6) 
     · 
 · sin √·
   · cos √·
 (7) 
Since the capacitor charging and the inductor discharging 
periods are not identical for different half cycles, the 
capacitors are not charged similarly. The asymmetrical 
response of the resonant converter fed by an inverter 
controlled with bipolar method will negatively affect the 
control process of this configuration, and make it more 
complex to control the output voltage. 
 
 
 
 
 
 
Figure 6: Input voltage, inductor current, capacitors and output 
voltages of a resonant converter with an inverter controlled with 
bipolar method in the case of : (a) fS=fr=15823Hz, (b) fS<fr 
(fS=10kHz), (c) fS>fr (fS=25kHz), (d) fS>2fr , (fS=40kHz) 
4 Unipolar control method  
Unipolar control method of inverter has the capability of 
solving this difficulty, since it gives a zero level interval 
amongst positive and negative polarity of voltage at the 
inverter output. In this method, the modulation frequency 
should be less than or at least equal to the resonant frequency 
in order to have a complete oscillation and obtain a maximum 
voltage level in the output of the converter. According to the 
attributes of this method, the pulse width variation can define 
the output voltage level. The advantage of this technique in 
comparison with the bipolar method is that the zero voltage 
intervals let the inductor current get fully discharged and 
another leg can be supplied during the following half cycle. It 
means the whole period of the next half cycle will be 
dedicated to the other leg and supplies it individually. 
According to this technique, the circuit’s behaviour is 
completely symmetrical for each cycle and the voltage and 
current values of the circuit during even intervals while   0, can be similarly estimated as follows: 

   · cos √·
   · 
 · sin √·
  (8) 
   · 
 · sin √·
   · cos √·
  (9) 
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While t1 is the pulse width in the unipolar method, which is 
the period during which either positive or negative voltage 
levels are applied to the resonant converter. It is also possible 
to acquire the equations of the circuit voltage and current for 
odd half cycles and intervals. 
The operation modes of the circuit during these intervals are 
presented in Fig. 7. Coinciding the operation of S1 & S3 in on 
state and S2 & S4 in off state or vise versa can provide 
resonant converter with those zero voltage levels. Since a 
transistor cannot conduct a current in both directions, there is 
an anti-parallel diode across each transistor in which this 
configuration presents a bidirectional switch to conduct both 
positive and negative currents. 
 
 
Figure 7: Extra states of inverter providing resonant converter with 
the zero level of voltage in unipolar control method. 
The simulation results for the inverter with unipolar control 
shown in Fig. 8 verify the symmetrical performance of this 
circuit. In these examples, the switching and the resonant 
frequency are identical while the pulse widths are changed 
from 40% to 10%. The output voltage of the inverter with the 
bipolar control method can be assumed as a unipolar method 
with 50% pulse width. As expected, the output voltage levels 
vary with respect to the pulse width of the inverter waveform 
in a linear proportion. Based on the simulation results 
presented in Fig. 8, for 40, 30, 20, and 10% pulse widths, the 
output voltages are 750, 620, 470, and 400V respectively. 
 
 
 
 
 
 
Figure 8: Input voltage, inductor current, capacitors and output 
voltages of a resonant converter with an inverter controlled with 
unipolar method in the case of :(a) P.W.=0.4TS, (b) P.W.=0.3TS, (c) 
P.W.=0.2TS, (d) P.W.=0.1TS 
5 Conclusions 
A bidirectional two-leg resonant converter is proposed in this 
paper, which works in discontinuous mode and has the 
capability of voltage boosting up to four times the input 
voltage level. As the simulation results have shown, the 
possibility of adjusting output voltage in this converter is 
provided based on the variation of inverter control features, 
such as switching frequency in bipolar control method and 
pulse width in unipolar control method. Although the inverter 
with the bipolar control cannot charge the capacitors 
symmetrically, the unipolar control method of the inverter 
removes this drawback and gives proper control over the 
output voltage. The results confirmed the validity of the 
proposed topology in satisfying the anticipated functions. 
Acknowledgements 
The authors thank the Australian Research Council (ARC) for 
the financial support for this project through the ARC 
Discovery Grant DP0986853. 
References 
[1]  D. Fu, F.C. Lee, Y. Liu, M. Xu. “Novel multi-element 
resonant converters for front-end dc/dc converters”, 
PESC 2008. pp. 250-256, 15-19 Jun. 2008. 
[2]  M. Pahlevaninezhad, S.A. Khajehoddin, A. Bakhshai, P. 
Jain. “Voltage ripple reduction in series-parallel 
resonant converters by a novel robust H∞ control 
approach”, IECON 2008. pp. 1051-1056, Nov. 2008. 
[3]  T. Jin, K.Smedley. “Multiphase LLC series resonant 
converter for microprocessor voltage regulation”, IAC, 
2006. volume 5, pp. 2136-2143, 8-12 Oct. 2006 
[4]  H. V. D. Broeck. “Analysis of a current fed voltage 
multiplier bridge for high voltage applications”, PESC 
2002. volume 4, pp. 1919-1924, 23-27 Jun. 2002. 
[5]  J. Li, Z. Niu, Z. Zhang, D. Zhou. “Analysis of resonant 
converter with multiplier”, ICIEA 2007, pp. 326-331, 
23-25 May 2007. 
0  0.05 0.1  0.15
-200
0
200
In
pu
t v
o
lta
ge
(V
)
0  0.05 0.1  0.15
-200
0
200
In
pu
t v
o
lta
ge
(V
)
0  0.05 0.1  0.15
-200
0
200
In
du
ct
o
r 
cu
rr
en
t(A
)
0  0.05 0.1  0.15
-200
0
200
In
du
ct
o
r 
cu
rr
en
t(A
)
0  0.05 0.1  0.15
-400
0
400
800
(a)
Time(ms)
C 1
,
 
C 2
 
&
 
O
u
tp
u
t v
o
lta
ge
s(V
)
 
 
C1 voltage
C2 voltage
Output voltage
0  0.05 0.1  0.15
-400
0
400
800
(b)
Time(ms)
C 1
,
 
C 2
 
&
 
O
u
tp
u
t v
o
lta
ge
s(V
)
 
 
C1 voltage
C2 voltage
Output voltage
0  0.05 0.1  0.15
-200
0
200
In
pu
t v
o
lta
ge
(V
)
0 0.1 0.2 0.3 0.4 0.5
-200
0
200
In
pu
t v
o
lta
ge
(V
)
0  0.05 0.1  0.15
-200
0
200
In
du
ct
o
r 
cu
rr
en
t(A
)
0 0.1 0.2 0.3 0.4 0.5
-200
0
200
In
du
ct
o
r 
cu
rr
en
t(A
)
0  0.05 0.1  0.15
-400
0
400
800
(c)
Time(ms)
C 1
,
 
C 2
 
&
 
O
u
tp
u
t v
o
lta
ge
s(V
)
 
 
C1 voltage
C2 voltage
Output voltage
0 0.1 0.2 0.3 0.4 0.5
-400
0
400
800
(d)
Time(ms)
C 1
,
 
C 2
 
&
 
O
u
tp
u
t v
o
lta
ge
s(V
)
 
 
C1 voltage
C2 voltage
Output voltage
